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Spectro-astrometry with the E-ELT
Romain G. Petrov, Martin Vannier, Lyu Abe, Stephane Lagarde, Sylvie Robbe-Dubois
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versus Differential Interferometry with the VLTI
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High-resolution and high-precision Color-Differential
Astrometry for direct spectroscopy
extrasolar
planets
Spectro-astrometryof
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 General principle of the CDA

 Science targets

1A.U.

100A.U.

Coronagraphic Imaging

10A.U.

or few 10-4 pixels without calibration hardware

 Sensitive to close-in planets (0.05 to a few AUs) such
as so-called hot Jupiters.

-5 /D
«
current
bestreach
» VLTI (1
mrad)
Goal:
~10
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0.1A.U.

E-ELT, 1/1000 pixels (DIAMS accuracy)

« possible» VLTI (0.1 mrad)

0p c

ua, 2

CDA1M J, 5

Magnitude

CDA signal and noise levels for various parameter sets

-5 pixels (NEAT accuracy)
2 10view
E-ELT,
Illustrative
of the CDA exploration range compared to direct imaging coronagraphy, and interferometry (dotted line)

CDA signal for various orbital separations (G8V star, 10pc)
Signal from the presence of the planet at various
orbital separations ( spectrum)

Tip-tilt camera

“DIAMS” testbed

Grating
Tip-tilt

“NEAT” testbed

 First goals: observe known planets detected either
by radial velocity or transits. Planets below 0.1 AU
might be at the sensitivity limit for CDA for stars
beyond 5 parsecs and needs to be carefully studied.
Also notice on the figures on the left that closer
planets exhibit les contrasted spectral features.

1

Legend – Ncal: number of calibration cycles; TTstab: Tip-tilt stability (mas);
PA: pointing accuracy (mas); r: gain spatial roughness; s: gain temporal stability
Emission peaks from
super-contiuum lightsource

 Current status: 5 10-4 pixels RMS
(ideal experimental conditions)

Estimated charaterization range on SPICA (orange) 

2

 Photocentre measurement
(reference and science)

 Differential photocentre
(subtracted from reference)

and effective pixel location deviations from a

4 10-5
JPL testbed

5. SUMMARY AND CONCLUSION
IPAG
testbed
A more detailed look at the metrology system is offered by Figure 8. Acousto-optic Modulators (AOM’s) are used to

Mirror bloc

Figure 7 shows the metrology block and the imaging parabola during the installation phase. As highlighted by the circles
in the picture, 3 horizontal and 3 vertical fibers were mounted on the block. The spacing between the fibers was designed
Metrology
fibres
to create a range of fringe
spacings. On
the right side of the figure can be seen 15 fringe patterns observed as each
unique pair of fibers was turned on.

Figure 10: Metrology of pixel locations for a 10x10 zone achieves 20 pix accuracy
in et
25 al.
sec(2011,
(left). SPIE
Also, 8151,
the E28)
Nemati
measured distance between the centroids of two artificial stars dips down toNemati
30 pix
200 seconds
(right)
et after
al. (2012,
SPIE 8442,
in press)
under conditions where the individual centroids are moving by about 10X as much.
Figure 6: MCT test setup in the SIM vacuum chamber at JPL. Shown are the chamber (top left), the test setup
(bottom), the ULE low-expansion optical bench (top right), and a single frame from the CCD with three stars and
metrology fringes (top middle). In the bottom picture the test setup can be seen, with the camera on the left.

Laboratory testbeds in progress

a ULE bench with a collimator parabola glued to it. The parabola was masked to allow a 14 mm ‘primary’ mirror to be
defined. A bundle consisting of 7 closely packed fibers was mounted with a defocus in such a way to create an image at
an effective focal length of 1.1 m and an F# of about 80. The middle image, top row, shows three of the seven stars
created this way. The sampling of Figure
the PSF’s, 9:
defined
as the test
number
of pixelsshowing
per f / D, the
was 2.55.
on in
the
MCT
results
flatLater
field
response
(left)
experiment, the aperture diameter was reduced to allow better sampling. Also mounted on the ULE block was a low
regular
grid along
rowfibers
(middle)
column
expansion ‘metrology block’, on which
was mounted
six metrology
with theirand
tips pointed
at the(right)
detector.directions.
These
would be illuminated pairwise to create various fringes.

We have developped a laboratory test (DIAMS) to test the accuracy of the differential photocenter position when it is not possible to introduce any additional
calibration system (The study was made for spectro-astrometry (or color differential astrometry) with the SPICA space telescope. It shows that it is enough to
maintain the global photocenter of the spectrum on the same pixels, with the tip-tilt corrector, to obtain an accuracy on the spectral variation of the photocenter of
0.5 10-3 pixels. (Abe et al., SPIE 8442)

Science camera

 Goal: validate the numerical
model of CDA.

 Ongoing experimental validation

Expected photocenter accuracy as a function of magnitude, per spectral channel with a resolution 5000. The analysis considered the source photon noise, the thermal background
noise and the detector noise. It also included an hypothesis on the quality of the instrumental calibration based on the two test benches described below. We assumed a global Strehl
ratio of 0.3. The other experimental parameters are copied from our VLTI experiment (AMBER) and might be pessimistic for a single aperture instrument. The “current” VLTI
values indicated in the figure have been actually achieved. The plot shows that spectro-astrometry with the E-ELT can achieve indeed very high angular resolution measurements: it
will have a higher resolution than the VLTI, for the photocenter displacement, without the severe magnitude limitation resulting from the need to cophase or coherence an
interferometer.
Level of « fundamental » noise sources
(photon, thermal, readout)

 Complementary to direct coronagraphic imaging
that is limited to detections at a few AUs at best (see
Fig on the left).

 Measure the photocentre displacement of the combined star+planet
signals in a dispersed image (e.g. slit spectroscopy).

We describe the principles and potential of Color-Differential Astrometry (CDA), a high-resolution technique easily implementable on the Science
Coronographic Instrument (SCI) of the SPICA satellite, and aimed here at the direct detection and spectroscopy of giant Extrasolar Planets (ESP). By
E-ELT diffraction
limit the
K band
measuring
photocentre of the source diffraction pattern relatively between dispersed spectral channels, CDA gives access to flux ratio and angular
information well beyond the telescope resolution limit. Applied to known ESPs, it can yield the inclination (thus the mass) and spectrum of the planet. Our
VLTI diffraction
limit show
K band that low-resolution spectroscopy of Jupiter-radius ESP can be measured within a few hours for planets at orbital distances ranging from 0.05
estimates
AU to a few AUs, thus complementing the detection range expected using the coronographic measurements. More generally, it may also apply to any
unresolved source with some wavelength-dependent asymmetry.
In addition to the ESP cases considered for the scientific signal and to their associated fundamental noises, we also present the instrumental effects and a
dedicated optical test-bench. The combined effects of several instrumental noise sources can be introduced into our numerical model (pointing errors, beam
1mas source separation
tip-tilt, optical aberrations, variations of the detector gain table), and then confronted to measurements from the experimental test-bench.

ABSTRACT
In the context of the space astrometry
proposal NEAT, a method merging the
signal and a reference interferogram is
developed. The current achievement is 4
10-5 pixels accuracy on the difference of
position between two quite far away parts
of the detector. Further progress is
expected, but this accuracy would already
allow spectro-astrometry with the ELT to
study a fair sample of Jupiter mass
extrasolar planets, at virtually any distance
from the central source. Under certain
conditions, the method developed for NEAT
could be simplified and applied to spectroastrometry.
(figure is courtesy of F.
Malbet, from the NEAT study)

Photocenter displacement (mas)

Université de Nice-Sophia Antipolis, CNRS, Observatoire de la Côte d’Azur, Parc Valrose, 06108 F, Nice, France. E_mail: romain.petrov@unice.fr
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Spectro-astrometry of extrasolar
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Wavelength (m)

The sufficient condition for optimal spectro-astrometry is that the
Airy size λ/D is sampled at Shannon. A multi-object spectrograph
could have a set of “fiber launchers” fulfilling this condition. The
subsequent spectrograph would be unchanged. Some of the fibers
could be used to inject a calibration interferogram.

0.006”

0.02”

Implementation requirements

Photocenter displacement expected from a Jupiter mass planet
orbiting at various distances of a star at 10 pc (from 0.05 au –
solid-blue- to 1 au –dash-dot-dot-cyan-). Achieving an
instrumental calibration down to the NEAT study performance
would allow measuring high resolution spectra of a large variety
of Jupiters.

Signal (arcsec)

